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Specification 

1 . Name of the invention 

A Digital Radio Transmission System 

2. Scope of claims of patent 

In connection with a digital tadio bansmission 
system «^ich is conqsrised of one or midtq)Ie cutrently 
used systans and one reserve system of radio 
traiismissioM lines based on multiple-value quadrature 
amplitude modulation method: a digital radio 
transmission system which is characterized by being 
provided with; on the transmission side in a currently 
used system, a ttansmission switch tliat while [operation] 
is switched to the reserve system, swtches signal input 
respectively from tlie currently used syslem to the 
Uansmissiofl system in the reserve syslem and from the 
reserve system to the transmission system in the currently 
used system, and makes such connections; a moduMor 
that performs multiple-value quacferature amplitude 
modulation on output fiom this transmission switch in the 
cuttently used system, and thai while [tq)eiation] is 
switched to flie reserve system, switches to a quadrature 
amplitude modulation method of lower multiple-value 
than that of the original nniltiple-valuc quadrature 
anqjlitude modulation method; and on the receiving side 
in the currently used syslem, a selector that while [the 
operation] is switched to the reserve system, selects 
signals that relate to the above-stated reserve system 
signals among the received signals in the currently used 
system; and a demodulator that performs on the output 
from this [above-stated] selector demodulation based on a 
danodulation method that conreqponds to Ibe above-stated 
lower multiple-vatue quadrature amplitude modulation 
method. 



3. Detailed desciiption of the invention 
(Field of [its] industrial use) 

The present invention relates to a digital radio 
transmission system using a multiple-value quadranire 
anq>Iitude modulation method, in particular to technology 
utilizing transmission lines in operations includmg reserve 
lines. 

(Conventional technology) 

As digital radio transmission system uaing a 
naUtiple-value quadrature amplitude modulation method 
such as a 64 QAM (Quadrature Amplimde Modulation) 
method or a 256 QAM system, for example, what is 
shown in Figure 6 was known conventionally. 

In Figure 6, this Digital Radio Transmission 
System is equipped with one reserve line CHO and 
currently used midtiple lines (CHI ~ CHN). The 
cuirent^ used system is equipped with: on the 
transmission si(fe, transmission switches (61 - 1 ~ 61 - 
N). modulalots o^ for example, 64 QAM method (62 - 1 
~ 62 - N) and transmitters (63 - 1 ~ 63 - N); and on the 
transmission side [sic], receivers (64 - 1 - 64 - N), 
demodulators of a 64 QAM nx^hod (6S - 1 6S - N), 
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and receiving switches (66 - 1 ~ 66 - N). 

On the other hand, the reserve system is 
equipped with: on the transmission side, a pilot signal 
generator 67, transmission switch 68, a modulator 0164 
QAM method 69 and a transmitter 70; and on the 
receiving side, a receiver 71, a demodulator of 64 QAM 
method 72, a receiving switch 73 and a pilot signal 
detector 74. 

And the ccmfiguration is such that serially 
connected tetween the output tenninai of the transmission 
switcher 68 and the iiq>u( terminal of the modulator 69 in 
(he transmission system of the reserve ^stem are N 
pieces of tramsmission switchers for the currently used 
system (61 - 1 - 6! - N) and that at the same time, 
serially coimected between the output terminal of the 
detnodulator 72 and the i«pit tenninai of the receiving 
switch 73 in the receiving systan of the reserve system 
are N pieces of receiving switchers for the currently used 
system(66-I~66-N). 

The transmission switches (61 - 1 ~ 61 -N) ate 
configure4 as shown in Figure 7, in such a manner that 
they ou^ut input signals for the cummlly used system 
coming into tiie corresponding input terminals as they are 
to the corresponding modulattMis (62 - 1 ~ 62 - N) and 
that a switch St connects either iiiput signals fcxr the 
cucnently used system or input signals for the reserve 
^stem to the transmission side of the reserve ^stem. 
This switch S| is controlled in such a way that if line 

nomiai operation is confirmed by transmitting pilot 
signals and by having them delected by the pilot signal 
detector 74. 

The other is a method of operation (Reserve 
Opetaticffl Melhod) in which the restave line CHO and the 
currently used lines (CHI ~ CHN) are treated equally in 
order to effectively use fiequendes and normal operation 
of the reserve system is conliimed at the same time by the 
reserve system signals transmitted to the output teimimd 
#00. In either method, when a switch is made to the 
reserve system, signals on the reserve line CHO ate 
substituted with signals relating to the currently used lines 
of which line quality deteriorated, and thus connection 
using the currently tiscd line is prevented from being 
Iwoken. 

(Ptoblem intended to be solved by the invention) 

In a conventional digital radio transmission 
system, the higher the values that multiple value 
modulation methods use, the more siwcepiible transmitted 
signals based on the multiple value modulation methods 
become of being affected by rainfall, ladfaig, etc., and the 
more likely will the line quality be to deteriorate, so 
consideratiraas are paid by providing reserve lii^s to 
prevent occurrence of disconnection of lines and also to 
make it possible to use a reserve operation system, to 
effectively use fiequencies, and to improve on 
tran.smission efliciency. 

If quality of currently used lities deteriorates, 
however, signals carried on the reserve lines by the 



quality of the currently used line at issue delerioraies, 
switch S) outputs the input signals for the currently used 
system at issue to the transmission side of the reserve 
system as well 

Likewise, while the receiving switches (66 - 1 - 
66 - N) ordinarily transmit [signalsj ou^nitted Bom 
corresponding dcmodulatois (65 - 1 - 65 - N) to 
corresponding output terminals (#10 ~ #N0), linked to 
switching to the reserve ^siera on Bie transmission side, 
corresponding receiving switches are coafrolled in such a 
manner that they transmit [signals] outputted from the 
denwdulalor 72 to the COTresponding on^ut terminals for 
the currently used system. 

Here, deterioration of line quality is deleraiined 
on the basis of signals transmitted to output terminals in 
the currently used system on the receiving side, and based 
on the result of the determination, switching of the 
transmission switches (61 - 1 ~ 61 - N) and receiving 
switches (66 - 1 ~ 66 - M) are controlled, as is known. 

On the other hand, the transmission switch 68 
selects and outputs either pilot signals generated by the 
pilot signal generator 67 or reserve system signals that 
come into Hoc iriput tenmnal HO. In other words, in 
connection with this type of system, there are two forms 
of operations that utilize the reserve line CHO in normal 
operation. One Ls a racUtod {of operation] in which 



re.<icrve operation system must be interrupted, and besides 
the currently used line that deteriorated cannot be used 
any more, there is a problem with the c(Hiventional 
reserve operatian method in that it is insufficisat as a 
measure to effectively use frequencies and to attempt to 
improve the transmission efficiency. 

The present invention was made in consideration 
of such a problem, and its purpose is to provide, in a 
system that is capable of [implementing] a reserve 
qjeration method, a digital radio transmission .system 
which is capable of effectively utilizing frequencies and 
attempting to improve the transmission etticiencics by 
being enabled to use, as opposed to not being able to, the 
currently used line, even if the quality of the line 
deteriorated and the currentiy used line was switched to 
the reserve system. 
(Means to solve the problem) 

In order to acconqilish the above-stated purpose, 
tlK digital transmission system in accordance with the 
present invention has the following configuration. 

That is to say, in connection whh a digital radio 
tiansmission system which is comprised of one or 
mtdtiple currently used sysiems and one reserve system of 
radio transmission lines based on multiple-value 
qoadtatute amplitiidc modulation method: a digital radio 
taansmission system in accordance with the presoat 
invention is chaiaclerized by being provided with; 
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on the transmissimi side in a currenily used system, a 
traasmission switch that while [qjerationj is switched to 
the reserve system, switches signal iuput respectively 
from the ctmrently used system to the transmission system 
in the resave system and from the reserve system to tine 
transmission system in the currently used system, and 
makes such connections: a modulator that performs 
muhiple-value quadrature amplitude modulation on 
output liom this transmission switch in the corrently used 
system, and that while (operation] is switched to Uic 
reserve system, switches to a quadrature an^Iilude 
modulation method of lower multiple-value than that of 
the original multiple-value quadrature ampKmde 
modulation method; and on the receiving side in the 
currentiy used system, a selector that while (the 
operation] is switched to the reseive system, selects 
signals that relate to the above-stated rescm system 
signals amcmg the received signals in the cuirently used 
system; and a demodulator that peifonns aa the output 
from this [above-Slated] selector demodulation based on a 
demodulation method dial coiresponds to fte above-^led 
lower multiple-value quadrature amplitude modulation 
method. 
(Effects) 

Next, effect"! of the digital radio transmission 
system having (he above-stated configuration in 
accordance with the present invention are explained. 

During normal opctatrons, iransmis.sion signals 
relating to the multiple-value quadrature amplitude 
modulation method are carried similarly on both reserve 
lines and currently used lines. Here, if during the noimal 
operations, signals carried on the reserve lines are called 

(Embodiments) 

Embodiments in accordance with the present 
invention arc explained with references to tigurcs aa 
follows. 

Fiptre 1 shows a digital radio u-ansmission 
method relating to one embodiment of the present 
invention. Incidentally, components that arc the same as 
those in the conventional technolo©' are given the same 
designations [as in the conventional technolt^'] and their 
explanation is omitted. 

In Figure I , m accordance with the present 
invention, on transmission side, each of N mnniber of 
cunenily used systems is equipped with a transmission 
switch (1 - I - 1 - N) and a modulator (2 - 1 ~ 2 - N) 
equippeid with both 64 QAM and 4 PSK iiethods in lieu 
of a conventional transtnisaon switch (61 - 1 ~ 61 - N) 
and 64 QAM modulator (62 - 1 - 62 - N); and on the 
recdving side, it has a di.stributor (3 - 1 - 3 -N) provided 
between a receiver (64 - 1 ~ 64 - N) and a 64 QAM 
demodulator (65 - 1 ~ 65 - N) and is equipped with a 
selector 4, 4 PSK demodulator 5 and a receiving switch 6. 

The tTan.stni.<!sion switch (1 - 1 ~ 1 - N) is 
equipped with, as shovm in Figure 2, a .switch Sj in 
addition to a conventional switch S|, 



reserve system signals and signals carried on the currently 
used lines, current system signals, and then if [something] 
arises causing line quality of a certain currently used line 
to deteriorate and the Ime to be switcljed to the reserve 
system, the current systcan signals at issue will be catiied 
oa the lescrvc lines by the operation of the transmission 
switch. On the other hand, the reserve system signals go 
into a modulator belonging to the transmissbn system of 
the currently used line of which l ine quality deteriorated, 
are processed with modulation based on a multiple-value 
quadrature amplitude modtdation of lessernnilti]de-value 
flian that of the proper multiple-value quadrature 
amph'tude modulation used in nonnal operations, and are 
outputted to the cunently used line that has deteriorated. 
In other words, the reserve system signals are not 
interrupted unlike in conventional cases. 

Incidentally, .since the teserve system signals 
tiiat are transmitted thereby have been modulated by a 
nodolation mettiod of lesser multiple-vahie modulation 
than that of the proper modulation method, thou^ flieir 
transmission opacity decreases, the deterioration of the 
line quality is minor. 

Thus, the digital radio transmission method in 
accordance with the present mvention, if [the line] is 
switched to tlie reserve system, since reserve system 
signals can be traasmitled by use of tlie cmiently used 
line of which line quality detcriwatcd without any 
interruption, provides advantages of effective use of 
frequencies and of improvement on transmission 
efticiency. 



and tha switch $2 normally cmmects mputted reserve 
system signals to the tiansmissio& side of the reserve 
system iu normal qteration and to the transmission side of 
tlie currently used system when the line is switched to the 
reserve syston. 

Next, Figure 3 shows a configuration example of 
a modulator in accordance wdth the present invention, In 
this embodiment, the proper multiple-value quadrature 
amplitude modulation method is, for example, 64 QAM 
me^od, the same as in a conventicnal example, and a 
multipIe-^^ue quadmture amplitude modulation method 
with lesser multiple-value tiian this is a 4 PSK. (4-Phase 
Shift Keying) method. 

In addition, thmigh omitted in Figure 1 (the 
same in Figure 6 which is a conventional figure) in order 
to simplii^ explanation, cuircnt system sipals ai^lied to 
each of itqmt temiinals #1 ~ n!N are coaq)rised of multiple 
-bit signals aminged in paiailel. 

For exan^>le, a hierarchy DS (digital system) - 3 
is a system wherein fbiee rows of signals widi a bit rate of 
45 M^>s are handled in parallel, and Figure 3 shows a 
modulator configuration example when [tlte present 
mvention] is considered applied to this system. 

In Figure 3, 31 ~ 33 are 1 - 2 Converters; 34, 
Difference Conversion Circuit; 35, 64 QAM/4 PSK 
Converter, 36, D -A Converter; 37 and 38, 
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Low Pass Ffltats; 39, a Local Oscillator, 40 and 44, 
hybrid; 41 and 43, Mixas; 42, n/2 Phase Shifter, and 45, 
an an^iifier. 

The 1 - 2 Converters convert respectively 
conesponding input signal rows (iitst ~ third signal rows) 
into 2-bit signals atranged in parallel Output from I - 2 
Converter 31 is oatputted (o (he differential conversion 
circuit; output (DATA I ~ ditto 4) from 1-2 converters 
32 and 33 are outpulted respectively to 64 QAM/4 PSK 
Converter 35. Since operation of the differential 
conversion ciraiit is well known, its explanation is 
omitted, and its output, phase component signals Ii and 
quadrature component signals Q, are outputtod to the 64 
QAM/'4 PSK Converter 35 and D - A Converter 36. 

The 64 QAM/4 PSK Converter 35 is configured, 
tor example, as shown in Figure 4, and in accordance with 
switching signals given fn^n outside, its output, phase 
component signals Ij and I3 and quadrature component 
signks Qj and Q3 are outputted to D - A Converter 36. In 
Figure 4, switching signals are aj^lied as input on one 
side of And Gates 56, 55, 54. and 53, and are also 



the basis of line quality of the cunrently used line, and it is 
set at "1" level during normal operation, so if [signals onj 
the currently used line showing detetiwation of line 
quality arc detected, only [a switching signal] that is 
supplied to the modulator cm &e transmission side of the 
cunently used system is dianged to "0" level Since the 
And Gate 51 and And Gate 52 arc prdbibitcd fiora 
transmitting an output when this switching signal is at the 
"1" level. Phase Component Signal Ij that relates to 
DATAl; Phase Conqionent Signal I, that relates to 
DATA3; Quadrature Conqionent Signal Qx thai relates to 
DATA2; and Quadrature Coni{)onent Signal Q.? that 
relates to DATA4; are outputted. Accordingly, .supplied 
as input to the D - A Converter 36 are 3 bits that are 
Phase Component Signals I), Ii, and I5 and 3 bits that are 
Quadrattaie Component Signals Q,,Qj and Qj. In other 
words, a signal point layout on (he phase jims of 8-digit 
+ 8-digit digital signals that are input to the D - A 
Converter 36 will be in accordance with the 64 QAM 
Method as shown in Figure 5{a). 

On the other hand, when the switching signal is 
at the "0" level, .since convowly to what is described 
above, setting will be made such that the And Gates 53 - 
56 are prohibited from transmitting an output. Phase 
Comptment Signals l2 and Ij become ttie same as Phase 
Component Signal Ij and liteunse. Quadrature 



applied as input on one side of And Gates 52 and 5 1 via 
an fovcrter 57. And the phase component signals Ij are 
applied as input on flie other side to the And Gate 51 and 
the quadrature conip<Hient signals Qi ate applied as input 
on the other side to the And Gate 51 

Also, DATA] is applied as uiput on the other 
side to the And Gate 53; DATA2, as input on the other 
side to the And Gate 54; DATA3, as input on the other 
side to Uie And Gate 55; and DATA4, as input on the 
other side to the And Gate 56. Next, in the output stage, 
an Or Gate 58 receives, as input, output from the And 
Gate 51 and output from the And Gate 53 and outputs 
Pha$e Component Signal I^; an Or Gate 59 receives, as 
input, output fiom die And Gate 52 and output from the 
And Gale 54 mi outputs Quadranire Component Signal 
Q2: an Or Gate 60 in the output stage receives, as input, 
ou^t from the And Gate 5 1 and output from the And 
Gate 55 and outputs Phase Component Signal I3; and an 
Or Gate 61 receives, as input, output from the And Gate 
52 and output 60m the And Gate 56 and outputs 
Quadrahire Component Signal Qj. 

In .sura, in this 64 QAM/4 PSK Converta: 35, a 
switching signal which is mput firom outside is created on 

Component Signals (Jj and Qj become the same as 
Quadrature Component Signal Q). Accordingly, input to 
the D - A Converter 36 become the Phase Component 
Signal I| and Quadrature Component Signal Qj. b other 
words, a signal point layout on the phase plane of 2-digit 
+ 2-digit digital signals that are input to the D - A 
Converter 36 will be in accordance with the 4 PSK 
Method as shown in Figure 5(b). 

As stated above, while major causes of 
deterioration of line quality include rain&n and fading, 
one can see clearly in Figure 5 that the 4 PSK Method 
which is a modulation method of less values is more 
resistant to the major causes of deteriomUon than the 64 
QAM Method which is a modulatim method of higher 
values. In addition, in the above-stated conversion 
exan4>Ie, since 3 ou^uts are used as 1 input, when 
[operation] is switched to the reserve system, transmission 
capacity of the reserve system signals is 1/3. bi other 
words, if the higih-vahie modoladon mediod handira 2*° 
values and fte low-value modulation meAod handles 2°, 
when [the operatioa] is switched to the reserve .«iy.<item, 
the passible transmission capacity becomes n/m. 

Incidentalty, the D - A Converter 36 ccnverts 
info analog sigi»ls Phase Conq^xxient Signal I (Ig. I2. 13 or 
Ii) and Quadrature Component Sign^ Q (Qi, Qz, Qj or 
Q,)each. 
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These become input on one side to the Mixers 41 uxid 43 
via respective corresponding Low Pass Filters 37 and 38. 
On the other hand, local signals generated by Local 
OsciUator 39 ans divided info two by Hybrid 40 and one is 
inputted as the other ii^ut to Mker 41 and the other goes 
through the vJ2 Phase Sfaiiier 42 and is inputted as tfie 
odier input to Mixer 43. Mixers 41 and 43 convert 
inputted base band signals into signals in the IF 
(intermediate frequency) band based on the local sisals. 
These output [signals] are synthesized by Hybrid 44 and 
amplified up to a certain prescribed level by Amplifier 45. 
The IF output is input to Transmitters (63 - 1 - 63 - N). 

Next, in Figure 1, on the receiving side of the 
currently used system, output from Receivers (64 - 1 ~ 64 
- N) is divided into two by Hybrids (3 - 1 ~ 3 - N), and 
one is supplied to Demodulators (65 - I ~ 65 - N) that are 
the same as in the conveutional [teclmology], and the 
other is inputted to Selector 4 altogether. 

As is known, a determination as to whether or 
not line quality of the currently used line is good is made 
in the base band imicessing system on the receiving side. 
And if as a result it is dctetinined that switching from one 
currently used line to the reserve system is necessary. 



configured in such a manner that an original multiple- 
value quadrature amplitude modulation method that is 
used during normal operation can be switched with a 
multiple-value quadrature amplitude modulation method 
of which multiple vahies are less than that of the original 
multiple-vahie quadrature on^iitude modulation metl«>d, 
and fiiat while it is switched to tfes reserve system, reserve 
system signals can be modidated by the modulator of liie 
tnmsmission syshan in the cuncntly used system at issue 
that was switched to the reserve system in the modulation 
method based on the above-stnled less multiple- value 
quadrature amplitude modulation method and can be 
outputted to the currently used line at issue, so even if it is 
switched to Iheneserve system, the currently iised line, 
quality of which deteriorated, will not be unused and thus, 
frequencies can be used more efficiently. 

Also, although capacity in transmission of the 
reserve system signals decreases, the Uansniisston <k>es 
not get interrupted as in the case of the conventional 
technolc^, so there is an advantage of improvement of 
tnmsmissiMi efficiency over the conventional technology. 
Incidentally, the following can be stated about the 
transmissioncapacity of the reserve system signals. If a 
transmission capacity processed by the original multiple- 
value quadrature anqilitude modulation method during the 
nomial operation is 2° and if a U^ansmission capacity 
processed by the lower multiple-value quadrature 
an^litude inodulation method during Ibe operation 
switdied to the reserve system is 2° (m > n), [the reserve 
system] can be operated during the s-witched operation at 
the transmission capacity being n/m of the capacity of the 
normal operation. 
4. Simple Explanation of Figures 
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thai information is cormnunicated to the ttansmission 
side. So, on the transmission side, what is specified 
among TraiismLssion Switches 1 - 1 ~ 1 - N is switch- 
controlled, and at the same time, the above-stated signal 
switching to a modulator corresponding thereto among 
Modulators 2 - 1 ~ 2 - N is operated. On the other hand, 
identification information on line number of the cuirently 
used number that was switdied to the reserve system is 
given to Selector 4 on the receiving side. Thereupon, 
Selector 4 selects, out of N signals mputted from N pieces 
of Hybrids (3 - 1 - 3 - N), a received signal that relates to 
the ciurently used line that beciunc a problem, and outputs 
it to Demodulator 5 of the 4 PSK Method. 

What relates to 1 signal row out of 3 signal rows 
of reserve system signals apphed to Input Terminal #0 has 
been processed with 4 PSK modulation and carried on the 
currently used line at issue is demodulated by 
DemoduJator 5, go«> through Receiving Switches 6 and 
73. and b outputted to Output Terminal #0 for the reserve 
system signals. 
{EfFecl of Invention) 

As described in detail above, in cotmection with 
a Digital Radio Transmission System in aaxHdancc with 
the present invention, a modulator provided on the 
transmissioD side of the currently used system is 

Figure I is a .stmctural block diagram of a 
digital radio transmission system relating to one 
cmbodirtient of lite pre-wnt invention. Figure 2 is a 
concept diagram of a transmission switch in accordance 
with the present invention. Figure 3 is a structural block 
diagram showing one example of a modulator in 
accordance witli die present inventioiL Figure 4 is a 
circuit diagnun of 64 QAM/4 PSK Converter in Figure 3. 
Figure 5 shows signal point layout drawings of [signals] 
of 64 QAM Method and 4 PSK Method. Figui>s 6 is a 
structural block diagram in accordance with a 
conventional digital radio tnmanission system. Figure 7 
is a concept diagram of a conventional Transmissicm 
Receiving Switch. 

1-I~1-N Transmission Switches, 2 - 1 

~2-N 64 QAM/4 PSK. Modulators, 3-l~3-N 

Hybrids, 4 A Selector, 5 A 4 PSK 

Demodulator, 6 • — Receiving Switch, 63 - 1 ~ 63 - N 

Transnjitlets, 64-l~64-N Receivers, 65-1 

--65-N — 64QAMDanodBlators, 66-1-66-N 
— Receiving Switches, 67 A Pilot Signal 
Generator, 68 A Transmis.«iion Swildi, 70 — A 

Transmitter, 71 • — A Receiver, 72 A 64 QAM 

Demodulator, 73- — A Receiving Swiich. 74 
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A Conffgnntion Example of Conventional t^Ridio Transmission System 
Fig»e6 



